The aim of this study was to establish the within-session reliability for two-dimensional (2D) 5 video analysis of sagittal-and frontal-plane measures during bilateral drop-landing tasks. 6 Thirty-nine recreational athletes (22 men, 17 women, age = 22 ± 4 years, height = 1.74 ± 0.15 7 m, body mass 70.2 ± 15.1 kg) performed five bilateral drop-landings from 50%, 100% and 8 150% of maximum countermovement jump height, twice on the same day. Measures of 9 reliability for initial contact angle, peak flexion angle and joint displacement for the hip, 10 knee, and ankle joints, frontal-plane projection angles (FPPA), as well as inter-limb 11 asymmetries in joint displacement were assessed. No systematic bias was present between 12 trials (p > 0.05). All kinematic measurements showed relative reliability ranging from large 13 to near perfect (ICC = 0.52-0.96). Absolute reliability ranged between measures, with CV% 14 between 1.0-1.6% for initial contact angles, 1.9-7.9% for peak flexion angles, 5.3-22.4% for 15 joint displacement, and 1.6-2.3% for FPPA. Absolute reliability for inter-limb asymmetries 16 in joint displacement were highly variable, with minimal detectable change values ranging 17 from 6.0-13.2°. Therefore, 2D video analysis is a reliable tool for numerous measures related 18 to the performance of bilateral drop-landings. 19 20 21 22 23 24 25 2 Fiabilité des mesures bidimensionnelles associées aux performances d'atterrissage en 26 chute bilatérale 27 28 Résumé 29 Le but de cette étude était d'établir la fiabilité intra-session pour l'analyse vidéo 30 bidimensionnelle (2D) de mesures sur le plan sagittal et frontal lors de tâches d'atterrissage en 31 chute libre bilatérales. Trente-neuf sportifs sportifs (22 hommes et 17 femmes, âge = 22 ± 4 32 ans, taille = 1,74 ± 0,15 m, masse corporelle 70,2 ± 15,1 kg) ont effectué cinq atterrissages 33 bilatéraux à partir de 50%, 100% et 150% du maximum hauteur du saut en contre-34 mouvement, deux fois le même jour. Mesures de fiabilité pour l'angle de contact initial, 35 l'angle de flexion maximal et le déplacement articulaire pour les articulations de la hanche, du 36 genou et de la cheville, les angles de projection dans le plan frontal (FPPA), ainsi que les 37 asymétries inter-membres dans le déplacement articulaire. Aucun biais systématique n'était 38 présent entre les essais (p> 0,05). Toutes les mesures cinématiques ont montré une fiabilité 39 relative allant de grande à quasi parfaite (ICC = 0,52-0,96). La fiabilité absolue variait d'une 40 mesure à l'autre, avec des CV% compris entre 1,0 et 1,6% pour les angles de contact initiaux, 41 entre 1,9 et 7,9% pour les angles de flexion maximaux, entre 5,3 et 22,4% pour les 42 déplacements articulaires et entre 1,6 et 2,3% pour les FPPA. La fiabilité absolue pour les 43 asymétries inter-membres dans le déplacement articulaire était très variable, avec des valeurs 44 de changement détectables minimales allant de 6.0 à 13.2°. Par conséquent, l'analyse vidéo 45 2D est un outil fiable pour de nombreuses mesures liées à la performance des atterrissages 46 bilatéraux. 47 Mots clés: Fiabilité intra-session, cinématique, atterrissages 48 49 65 et al., 2015). 66 Although three-dimensional (3D) motion analysis is regarded as the gold standard in 67 exploring lower limb kinematics, in practice two-dimensional (2D) video analysis is more 68 accessible to practitioners (Munro, Herrington, & Carolan, 2012). However, before kinematic 69 measurements of bilateral landing tasks can be used for the purpose of screening, their 70 reliability must first be established. It is therefore important to quantify the noise (error) of 71 the proposed field-based measurements. For various landing tasks, 2D video analysis has 72 been shown to be a valid tool for measuring frontal-plane projection angle (FPPA), 73 significantly relating to measurements of knee abduction angle (r = -0.38) and external knee 74 4 abduction moment (r = -0.59) using 3D motion analysis. Furthermore, FPPA provides a 75 reliable representation of knee valgus/varus angle in the deepest landing position (Dingenen, 76
Introduction 50
Jump landings expose athletes to large peak vertical forces that require attenuation during 51 sporting activities (Chappell et al., 2005) . Landings have been identified as a mechanism for participants' skin by the same investigator using the anatomical locations for sagittal-plane . Frontal-plane projection angle was calculated for the right knee joint only, with 144 reflective markers placed at the centre of the right knee joint (midpoint between the femoral 145 condyles), centre of the right ankle joint (midpoint between the malleoli) joint and on the 146 proximal right thigh (midpoint between the anterior superior iliac spine and the knee marker). 7 Midpoints for the knee and ankle were measured with a standard tape measure (Seca 201, 148 Seca, United Kingdom), as outlined by Munro et al. (2012) . 149 Participants then repeated the standardised warm-up before being familiarised with the 150 bilateral drop-landings from drop heights of 50%, 100%, and 150% of maximum CMJ height. 151 For familiarisation, participants performed bilateral drop-landings from each drop height. 152 Familiarisation ceased once participants indicated they were comfortable with the technique 153 and procedure. Bilateral drop-landings were performed with participants standing bare foot 154 with their arms folded across their chest on a height-adjustable platform (to the nearest 0.01 155 m). Participants were then instructed to step off the platform, leading with the right leg, 156 before immediately bringing the left leg off and alongside the right leg prior to impact with 157 the ground. During this manoeuvre, participants were instructed to ensure that they did not 158 modify the height of the centre of mass prior to dropping from the platform (James, Bates, & 159 Dufek, 2003). To provide participants with a reference point for landing and to ensure 
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For 2D video analysis, sagittal-and frontal-plane joint movements were recorded using three Between-limb differences for sagittal-plane joint displacement was calculated by subtracting 213 the left value from the right value for the ankle, knee and hip joints. A positive value 214 indicated the right limb had greater joint displacement for the corresponding segment and 215 vice versa for a negative value. Descriptive statistics (means ± standard deviation) were calculated for initial contact angles, 219 peak flexion angle at the maximum flexion point and joint displacement for the right limb, 220 10 along with between-limb differences for joint displacement. The assumption of normality was 221 checked using the Shapiro-Wilk test. To account for heteroscedastic errors, the relationship 222 between the mean values between tests and the difference between repeat tests was evaluated 223 using Pearson's correlation coefficient. To establish systematic bias between test 1 and 2, 224 mean values for initial contact angle, peak flexion angles, joint displacement, FPPA, and 225 between-limb differences in sagittal-plane joint displacement was initially assessed using a 
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Due to the asymmetry in joint displacement being interval data, CV% was not determined.
234
ICC and CV% were calculated using a customised spreadsheet (Hopkins, 2018b). The CV% 235 was used as the primary measure of absolute reliability but we have reported a variety of 236 statistical interpretations to facilitate interpretation of the results by researchers and 237 practitioners. All statistical tests were performed using SPSS® statistical software package 238 (v.24; SPSS Inc., Chicago, IL, USA).
240

Results
241
There was no systematic bias found between test 1 and 2 for any variable for any drop height.
242
Relative reliability ranged from very large to near perfect (ICC = 0.87-0.93) and CV% for 243 initial contact variables ranged from 1.0-1.6% across all drop heights. For peak angles at the 244 11 maximum flexion point, relative reliability was near perfect (ICC = 0.92-0.95) and absolute 245 reliability ranged between 1.9-7.9% for CV% for the hip, knee and ankle joints, along with 246 FPPA for all drop heights. Relative reliability for joint displacement ranged from very large at drop heights of 150% of CMJ height, joint displacement for the hip exceeded CV% > 10%. 251 Relative reliability for between-limb difference sin sagittal-plane joint displacement ranged 252 from large to very large (ICC = 0.50-0.84) with MDC values ranging between 6.0-13.2°. 
